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Introduction
The use of exogenous enzymes in feed is common practice in today's poultry farming. Plant feedstuffs contain a variety of anti-nutritional factors (ANF), including non-starch polysaccharides (NSP) and phytate, which hinder diet utilisation and encourage the use of 
Materials and methods
Animal trials were presented and accepted by the Drayton Animal Health Welfare and Ethical Review Body and conducted according to the Animals (Scientific Procedures) Act
1986.

Animal and housing
A total of 576 male Ross 308 broiler chicks were supplied from a commercial hatchery (P D Hook Hatcheries Ltd, UK) in a 42-day experiment. Chicks were vaccinated against infectious bronchitis at the hatchery before arriving at the experimental housing unit in two batches, one week apart. Birds were raised in separate rooms to allow for sufficient pH capsule monitoring to be performed. On day 1, chicks were randomly allocated to one of four dietary treatments, 54 birds withdrawn from study or died during the study were weighed manually when removed.
Dietary treatments
Treatments consisted of a 2 × 2 factorial arrangement, with 500 or 2500 FTU/kg phytase (modified E. coli-derived 6-phytase; Quantum Blue, AB Vista, Marlborough, UK) and 0 or 16000 BXU/kg xylanase (family 11 xylanase derived from Nonomurea flexuosa; Econase XT25, AB Vista, Marlborough, UK). Treatment diets were wheat-soy based (Table 1) , and formulated to meet or exceed the NRC (1994) nutritional requirements of broilers. pen. This allowed the transceiver to remain in close proximity to the bird, thereby optimising data collection. Individual pens had separate feeders and drinkers with diets and water provided ad libitum during the monitoring period.
Capsule readings were collected every second, over a 5.5 h period, and aggregated into 5 min averages prior to analysis. Readings of pH 0, owing to lost signal between the capsule and the transceiver, were removed from the data set as these were not considered 'true' values. Data anomalies were removed from the data set prior to statistical analysis, as determined by values residing outside 3 x root mean square error (RMSE).
Upon completion of the initial capsule readings, birds were subsequently placed back into their respective original treatment pen. However, following the final capsule reading at 22 or 23 d, birds were humanely killed by electrical stunning and exsanguination. Immediately, the gizzard was located and a small incision made to allow a spear tip pH probe (Oakton, USA) to be inserted. Concurrent to pH readings taken by the probe, capsule readings were collected at the same time to assess method comparability. The spear-tip probe was calibrated using the same pH standards (pH 1.0 and 7.0) that were used to calibrate the Heidelberg capsules to maintain consistency between the two methods.
Capsule Benchmarking
At the end of the experiment (d 42) birds from the 500 FTU/kg phytase without xylanase treatment group were used in a benchmarking assessment to confirm the accuracy of the capsule readings when dosed for different periods of time. Eight birds were monitored in 
Foot pad and litter scores
External foot pad dermatitis (FPD) scores were recorded for all birds on day 21 and 42.
Scores were assessed as follows: 1 = good condition, no lesions; 2 = mild superficial lesions are visible within a small area; 3 = moderate lesions, discolouration and thickening to the foot pad, not widespread; 4 = lesions over majority of the area, maybe inflamed; 5 = severe lesions over majority of the area, may have signs of ulcers and/or scabs, haemorrhages, bleeding and inflammation.
Litter quality, in terms of friability, was determined on day 21 and 42 for each pen.
Throughout the experimental period, all pens received approximately equal quantities of shavings. Scores were determined using the following criteria: 1 = fully friable -no capping in any area; 2 = mostly friable -very slight capping (5-40%); 3 = friable litter area reduced (~50%); 4 = still small areas of friable litter -most of assessment area capped (60-75%); 5 = extensive capping over all of assessment area (>80%).
Blood inositol
Following euthanasia of capsulated birds, a terminal blood sample was collected into lithium heparin vacutainers. Erythrocytes were pelleted by centrifugation at 1,500 x g for 10 min and an aliquot was washed by mixing with 10 volumes of phosphate-buffered saline, followed by centrifugation at 1,500 x g for 10 min. Plasma samples were mixed with 2 volumes of ice- PA1 column was switched at 1.5 min to 750 mM NaOH, at 0. 
Statistical analysis
The effect of phytase and xylanase on performance parameters and pH readings were compared statistically by Least Squares ANOVA using JMP Pro 13.0 (SAS Institute Inc., Cary, NC). When considering gastric pH changes, diet phase change was included in the model. When differences were significant, least square means were separated using Student's ttest. Mortality, footpad and litter scores were analysed using a non-parametric Wilcoxon Test.
Significance was accepted at P≤0.05, with trends (P<0.10) discussed.
Results
In-feed phytase activities were measured by ELISA (performed by AB Vista Lab Services) and were as expected (Table 2) . Mortality was not significantly affected by treatment at any age (Table 4) . However, mortality was clearly higher in the starter phase than in the grower. It was noted that, in the and 3 for day 21 and 42, respectively, indicating that capping was not extensive in this trial.
The majority of foot pad dermatitis (FPD) scores for all treatments ranged between 1 and 2, signifying overall good-to-mild footpad conditions in birds. At day 21, FPD scores were unaffected by treatment, however, at day 42 a xylanase effect was shown (P=0.01); feeding xylanase reduced the incidence of FPD scores of 5 (severe), compared to when no xylanase was supplemented. (Table 5) . Litter scores were unaffected by treatment and were given approximate scores of 2 with results presented in Table 6 . Xylanase in the diet had no effect on inositol levels, and no interaction between xylanase and phytase was shown. Addition of 2500 FTU/kg phytase tended to increase (P = 0.056) blood inositol level, compared to 500 FTU/kg phytase. The fraction of blood analysed had a considerable effect (P<0.001) on inositol levels, with samples taken from the plasma having higher inositol content than that from erythrocytes. (Table 7) . Following euthanasia, capsules were located in the gizzard of broilers, except for one bird in the 500 FTU/kg phytase with xylanase treatment group where the capsule was found in the crop. Data from this bird was kept in the analysis as pH readings were within the expected limits for gastric readings, and therefore it is possible that the capsule had moved out of the gizzard during euthanasia. A feed phase x phytase interaction (P<0.001) was seen for gizzard capsule pH, whereby increasing phytase dose from 500 to 2500 FTU/kg had no effect on average gizzard pH (2.16 vs. 2.15) in birds fed starter diets. However, in birds fed the grower diets, increasing phytase to 2500 FTU/kg reduced gizzard pH (1.69 vs. 2.89) compared to 500 FTU/kg phytase diet. Addition of xylanase to the diet increased (P<0.001) gizzard pH (2.40 vs. 2.04), irrespective of phytase dose or diet phase. There was no interaction between phytase and xylanase, indicating that these enzymes were working independently of one another. Capsule readings were compared to a standard method using a spear-tip pH probe to take gizzard pH readings following euthanasia (Figure 3) . In contrast to the capsule readings, pH probe measurements showed no effect of feeding xylanase on gizzard pH (2.06 vs. 1.96), while 2500 FTU/kg phytase increased (P=0.05) gizzard pH (2.21 vs 1.81) compared to a 500 FTU/kg phytase diet, irrespective of xylanase inclusion. Simultaneous to probe measurements, capsule readings were taken to allow comparisons to be made between the methods. Out of the 32 birds sacrificed, 26 of the capsules had pH readings that plateaued at 
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In the current study, FCR at 21 d was significantly reduced in birds fed 2500 FTU/kg phytase and 16000 BXU/kg xylanase, compared to birds fed 500 FTU/kg phytase alone. However, at d 42, FCR was not significantly affected by higher phytase dose or xylanase. This may be explained by the fact that growth performance of all birds was approximately 16% ahead of breed standards, and FCR was around 12% lower at this age. This makes it extremely challenging to observe any performance response to treatment when birds are already exceeding performance expectations. Even so, the combination of 16000 BXU/kg xylanase and 2500FTU/kg phytase gave a four point reduction in FCR (non-significant) compared to the 500 FTU/kg without xylanase diet. This is a considerable reduction in already well performing birds, and, although not statically significant, is highly commercially relevant.
Wet litter poses a major challenge for the poultry industry, with FPD among broilers being of increasing concern from both a welfare and economic standpoint. There is some evidence that exogenous phytase may reduce litter quality and increase faecal moisture (Debicki-Garnier ., 1964) . In erythrocytes, myo-inositol appears to be a precursor for myo-inositol pentaphosphate (IP5), which interacts with haemoglobin to modulate affinity for oxygen (Isaacks et al., 1982; Lutz, 1980 ). In the current study, the fraction of blood analysed had a considerable effect on inositol levels, with plasma inositol being more than twice the concentration than in erythrocytes. This is in contrast to Oshima et al. (1964) , that found higher concentrations of free myo-inositol in erythrocytes than plasma. This discrepancy may be the result of differences in sensitivity between the previous and more current detection methods used. Nonetheless, increasing phytase dose to 2500 FTU/kg tended to increase inositol concentration in both blood fractions compared to the standard 500 FTU/kg phytase inclusion rate, suggesting more complete dephosphorylation of phytate.
Addition of xylanase to the diet had no effect on blood inositol levels, as this enzyme would not be expected to directly affect phytate degradation. to enable detection of a noticeable response to treatment using current methods. Even so, the direction of response, particularly for phytase, is conflicting between capsule and probe methods.
There are clear differences between the two methods used in this study to record gizzard pH, which may explain these opposing conclusions. For example, in-situ and ex-situ pH probe readings are taken at one point-in-time, once the animal has been sacrificed. Conversely, in vivo pH capsules take readings every second for several hours in the live animal, thereby providing a more representative outlook on real-time acid secretions in response to treated feed. It may be this ability to detect fluctuations in gastric pH that allows treatment responses to be realised, which would otherwise be missed using standard point-in-time methods.
However, a limitation to the capsule technology is that only a restricted number of birds can be capsuled at the same time, due to the number of detection devices available. In order to determine the comparability between these two methods and the effect of euthanasia on gastric pH, capsule readings were taken simultaneous to probe measurements. However, the majority of capsules appeared to plateau at pH 0.50 at the point of probe measurement, suggesting potential damage to the capsule. In light of this, a benchmarking experiment was undertaken to confirm the accuracy of the capsule readings when dosed for different periods of time. The average pH difference between probe and the capsule readings was 0.30, with a range of -0.03 to +0.76. This suggested that digital probe measurements read higher than the capsule. This may be due to the positioning of the H + ion sensor within the food bolus when measurements are taken. The orientation of the capsule cannot be controlled, however, taking into account the size of the capsule (2cm in length) compared to the size of the gizzard, it could be assumed that the H + ion sensor would be located in the outer region of the food bolus, where exposure to gastric acid secretions is high. In contrast, the probe was inserted directly into the centre of the food bolus, the region less exposed to gastric secretions. 
Conclusions
The current study demonstrated that body weight gain and FCR of broilers can be improved by addition of higher phytase doses and xylanase in wheat-based diets. Increasing phytase dose had the tendency to increase inositol in the blood, suggesting more complete phytase degradation with higher phytase inclusion rates. Addition of xylanase and higher phytase dose appeared to have opposite effects on real-time gastric pH, as measured by capsule technology. Supplementation of xylanase increased gizzard pH, while feeding high phytase in the grower diet led to a reduction in gizzard pH. However, these findings were not supported by probe measurements, indicating inconsistencies between the methods. The fact that xylanase and high phytase doses had opposing effects on real-time gastric pH, while giving similar performance responses, indicated that gastric conditions were not solely accountable for animal performance. 
